Materials and Methods

Protein cloning, expression and purification
The gene encoding the tandem WW domains of human FBP21 (residues 122-196) was amplified by PCR from the human brain cDNA library, and cloned into the NdeI/XhoI sites of plasmid pET-22b(+) (Novagen). The sequence of the DNA construct was verified by DNA sequencing. The protein was produced in Escherichia coli BL21 DE3 (Novagen). The bacteria were cultured in Luria-Bertani medium at 37˚C to an OD 600 of 0.6-0.8 and the expression of the protein was induced by addition of 0.1 mM isopropyl β-D-1-thiogalactopyranoside (IPTG) for 4 hours. The His-tagged protein was firstly extracted with a nickel-chelating column (Qiagen), and then purified using size-exclusion chromatography on a HiLoad 16/60 Superdex 75 column (GE Healthcare). For SAXS experiments, the purified protein was dialyzed into 20 mM Tris, 300 mM NaCl, 1 mM EDTA, pH 8.0.
SAXS data
The SAXS data of FBP21-WWs was collected at the beamline 12ID-B of the Advanced Photon Sources (APS) at Argonne National Laboratory, with a X-ray wavelength of 1.033 Å.
Data were acquired from three concentrations (1.0, 3.0, and 5.0 mg/ml), which were then processed by the ATSAS package (Konarev et al., 2006; Petoukhov et al., 2012) . After subtracting buffer scattering, the data curves from different concentrations were scaled and merged using PRIMUS (Konarev et al., 2003) . The R g of the protein was derived by Guinier analysis using AutoRg. GNOM (Semenyuk and Svergun, 1991) was employed for calculating the PDDF.
MD simulations
Each MD simulation was performed using the GROMACS-4.5.5 package and the CHARMM27 force field (MacKerell et al., 1998) . The protein was firstly put in a rhombic dodecahedron box with periodic boundary condition. The minimum distance between the solute and the box boundary was 1.2 nm. The box was then filled with TIP3P
water molecules (Jorgensen et al., 1983) . The system was energy-minimized by the steepest descent method, until the maximum force on any atom was smaller than 1000 kJ mol
After adding seven Na + ions to neutralize the charges on the protein, the system was energy-minimized again using the steepest descent and then the conjugate gradient method, until the maximum force on any atom was smaller than 50 kJ mol
. The simulation was conducted by using the Verlet integration scheme with a 2 fs time step (Hockney et al., 1974) .
Before the production run, a 100 ps equilibration simulation with positional restraint was performed, using a force constant of 1000 kJ mol
. The initial atomic velocities were generated according to a Maxwell distribution at 310 K. The simulation was performed under the constant NPT condition. The protein, solvent and ions were coupled separately to a temperature bath of 310K using the velocity rescaling algorithm (Bussi et al., 2007) , with a relaxation time of 0.1 ps. The pressure was kept to 1 bar with a relaxation time of 0.5 ps and the compressibility of 4.5×10
-5 bar -1 (Berendsen et al., 1984) . The P-LINCS algorithm (Hess, 2008) was used to constrain all covalent bonds. The twin-range cutoff distances for the van der Waals interactions were set to be 0.9 and 1.4 nm, respectively, and the neighbor list was updated every 10 fs. The long-range electrostatic interactions were treated by the PME algorithm, with a tolerance of 10 -5
and an interpolation order of 4 (Essmann et al., 1995) .
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The MD trajectories were analyzed by these tools in the GROMACS package. All the structures were created by VMD (Humphrey et al., 1996) .
Principal component analysis
PCA on the 6 µs trajectory of FBP21-WWs consisted of following steps.
(1) Snapshots were taken from the trajectory every 200 ps, so 30,000 conformations in total were used for PCA.
Only 54 C α atoms in the two WW domains were considered. (Berendsen and Hayward, 2000; Kitao and Go, 1999) . These modes are also termed essential modes, and the subspace spanned by the essential modes is called essential subspace (Amadei et al., 1993) .
Ensemble optimization method
EOM (Bernadó et al., 2007) was used to search an ensemble of structures from a trajectory, to best reproduce the experimental SAXS curve. The target function in EOM is
where K is the number of data points, and 4 sin 
where N is the number of conformations in the ensemble that would be much smaller than those in the trajectory. I n (q) is the theoretical SAXS profile of a single structure n calculated by CRYSOL (Svergun et al., 1995) . In EOM, χ (Eqn. 3) is minimized by using the genetic algorithm, and then the optimal ensemble is picked.
